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Abstract
Introduction—Few randomized controlled trials (RCTs) have been conducted to establish
evidence-based management protocols for provoked vestibulodynia (PVD), a chronic vulvar pain
condition affecting approximately 14 million women in the U.S. We describe the rationale and
design of an NIH funded multicenter clinical trial utilizing an extended release formulation of
gabapentin (G-ER), an intervention that preliminary data suggest may be efficacious for this
condition.

Objectives—1) to determine if pain from tampon insertion (primary outcome measure) is lower
in PVD patients when treated with G-ER compared to when treated with placebo and 2) to
determine if G-ER reduces vulvar mechanical hyperalgesia, vaginal muscle pain to palpation, the
number and intensity of somatic tenderpoints, spontaneous and provoked pain to intradermal
capsaicin with an accompanying increase in cardiac beat-to-beat variability and to identify
mechanistically-based PVD subtypes. Additional outcomes include subject reported intercourse
pain and summative 24-hour pain.

Methods—This 16-week, randomized, double-blind, placebo-controlled, crossover study will
enroll 120 women 18 years and older who report tenderness localized to the vulvar vestibule, pain
with tampon insertion, and, when sexually active, insertional dyspareunia. Electronically entered
daily diaries will be used to determine if pain is lower in PVD subjects when treated with G-ER
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(up to 3000 mg/d) compared to when treated with placebo. Psychophysiological measures will be
obtained at baseline and after 2 weeks at the maximum tolerated dose.

Conclusion—We will conduct the first multicenter RCT to confirm efficacy of an agent that is
currently used in clinical practice for treating PVD.
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1. Introduction
Approximately 14 million U.S. women suffer from provoked vestibulodynia (PVD) [1], a
type of localized vulvar pain triggered by pressure applied to the vestibule (outer vagina),
including vaginal penetration and tampon insertion [2]. PVD causes major disruption in the
personal lives of up to 60% of women and severely compromises sexual function in 45%
[3,4]. These women report significantly worse quality of life than controls without reported
vulvodynia [4] and women with other vulvar conditions [5]. The burden imposed on the
health care system is also significant, as these women visit multiple clinicians and specialists
[6], and try numerous, non-evidence based treatments [7].

In the few randomized clinical trials (RCTs) conducted to date, the efficacy of the tricyclic
antidepressants (TCAs) (amitriptyline [8] and desipramine) [9], considered standard
interventions [10], have shown lower efficacy than predicted from non-controlled studies
[11–14]. Since PVD has features similar to chronic neuropathic pain [15–17], involving
central nervous system pain regulatory pathways, gabapentin is a frequently used alternative
[18]. Because pelvic floor hypertonicity and altered cognitive patterns have been shown in
some women with PVD, the anxiolytic and antispasmodic effects of gabapentin may also
contribute to its efficacy [19].

Numerous RCTs of immediate-release gabapentin (G-IR) (1800–3600 mg/d in three divided
doses) [20–23] and recent RCTS with gabapentin extended release (G-ER) (1800–3000 mg/
d in single or two divided doses) [24,25], have shown superiority over placebo in treating
neuropathic pain. Gabapentin is listed as a first choice treatment in three evidence-based
consensus guidelines on neuropathic pain, as well as being suggested as effective from data
based on three retrospective trials in vulvodynia [26–31], buts its efficacy in this population
has not been empirically tested [32].

Gabapentin efficacy may be dependent on clinical presentations or “subtypes” of PVD.
Possible predictors of treatment response may include evidence of peripheral [33,34] or
central sensitization [17,35], degree of pelvic floor dysfunction [36,37], presence of certain
personality characteristics [38,39], onset of the disorder [16,40,41], and hormonal influence
[42–45] Identifying predictors of treatment response in PVD appears to have clinical
applicability to other chronic pain syndromes, especially in identifying common etiological
pathways for developing therapeutic targets.

Based on these data, we are undertaking a multicenter RCT which will examine the efficacy
of G-ER treatment in PVD patients. Since the original submission of our RCT, we have
revised inclusion/exclusion criteria based on recently available data, an NIH consensus
conference [46] and the input of authorities who study other types of chronic pain
syndromes. [26,47–50].

We also hope to elucidate mechanisms by which treatment may improve clinical outcomes.
We hypothesize that short-term treatment of G-ER vs. placebo will result in improvement in
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pain severity and quality of life in this population. We further hypothesize that short-term
treatment of PVD with G-ER will identify and define psychophysiologic measures of
treatment response and define mechanistically-based PVD subtypes (Table 1).

2. Methods
2.1. Study Sample

Inclusion Criteria—Women over 18 years of age with greater than 3 continuous months
of insertional (entryway) dyspareunia, and/or pain to touch/tampon insertion (modified
‘Friedrich’s Criteria’ [51] and have an average pain level of “4” or greater on the 0–10
numeric rating scale (NRS) on tampon insertion during screening.

Our inclusion criteria differs from the original ‘Friedrich’s Criteria’ where women must
report greater than 12 continuous months of vulvar symptoms [51]. A “modified”
Friedrich’s Criteria was selected because pain that has persisted for at least 3 months has
been considered chronic and this duration has served as an inclusion criterion in other
clinical trials [9,26].

Exclusion criteria—Presence of other vulvar conditions, or vaginal infection, atrophic
vaginitis, previous vestibulectomy, pregnancy or at risk for pregnancy, any unstable medical
condition (e.g., renal impairment, significant hematological disease, cardiovascular disease,
hepatic insufficiency, neurological disorder, autoimmune disease, or respiratory illness),
gastric bypass surgery, multiple allergies, other severe pain disorder (pain more severe in an
area outside of the vulvar vestibule), history of intolerance to gabapentin or pregabalin, or
topical lidocaine. Lidocaine is excluded because its topical administration route, direct
peripheral effects, and potential efficacy could contribute to a significant effect independent
of gabapentin [32].

Also excluded are those with a psychiatric disorder that could impact vaginal pain, risk
patient safety, or may impact compliance at the discretion of the investigator (including
major depressive disorder, current suicidal ideation with intent, manic or psychotic episode,
severe anxiety, binge or anorexic behavior, or drug dependence or abuse). Women who have
been prescribed a centrally-acting pharmacologic agent or started nonpharmacologic within
the past month for vulvar pain are excluded. However, those who have been on stable
concomitant therapy for at least 1 month without improvement in vulvar pain and remain on
the same regimen throughout the study are eligible.

Women successfully treated for a vaginal infection as well as those with HPV or an
abnormal Pap, and those with co-existing vaginismus (painful spasmodic contraction of the
vagina) will be enrolled if a single index digit can be inserted into the introitus during the
pelvic exam.

Women over 50 years of age without vaginal atrophy (<10% parabasal cells with maturation
index) will be included. If atrophy is noted at baseline they will be treated with vaginal
estrogen therapy for 6 weeks and rescreened. If they have a normal maturation index at
rescreening and continue to have vulvar pain they will be enrolled and continued on
estrogen therapy throughout the trial. A maturation index will be performed at each visit in
subjects of all ages to provide an index of the degree of estrogenization (superficial/
intermediate cell ratio) which varies according to the menstrual cycle phase, oral
contraceptive use, and hormone therapy use [52]. Detailed inclusion and exclusion criteria
are listed in Table 2.
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Subjects are permitted to take acetaminophen, aspirin, or a nonsteroidal anti-inflammatory
drug as rescue medications. The medications allowed and prohibited were determined from
a previous study of gabapentin in fibromyalgia [20]. Because naproxen may increase the
amount of gabapentin absorbed by 12% to 15%, patients will be instructed to contact the
study investigator prior to use [53–55].

2.2. Setting and design
This is a 16-week, randomized, double-blind, placebo-controlled, two-treatment, two-period
crossover design study (Figure 1). Although a 2-week maintenance phase for each treatment
is relatively short, it is consistent with most well-designed clinical trials in chronic pain [26]
and with expert guidelines for gabapentin use in vulvodynia [10]. Women will be enrolled at
any point in their menstrual cycle to maintain enrollment timelines, but the phase of their
cycle will be documented and analyzed statistically for any confounding effects.

One-hundred twenty female subjects (40 per site) 18 years or older, who have been
diagnosed with provoked vestibulodynia by one of the study clinicians will be recruited
between July 1, 2012 and September 2013 from the University of Tennessee Health Science
Center (UTHSC), the University Medical and Dental School of New Jersey (UMDNJ), and
the University of Rochester Medical Center (URMC). The study design involves 8 phases:
screening, randomization, dose titration, maintenance phase, dose-taper, dose titration,
maintenance phase, and dose-taper phase. Eligible subjects will participate in the study for
18 weeks. There are a total of 6 clinic visits and 28 telephone contacts. Subjects will receive
weekly telephone contacts by the nurse coordinator at each of the three sites, except during
the two dose-titration phases when they will be contacted twice weekly. Study coordinators
will follow a standardized script (see attached script, Appendix A). Primary recruitment will
be referral-based from each of the collaborating institutions. As a secondary recruitment
source, the National Vulvodynia Association (NVA) is displaying clinical trial information
on their web site, and in their bimonthly electronic newsletter, where participants will be
directed to a “vulvodynia website”, constructed by UTHSC Office of Biomedical
Informatics (BMI), which contains information about the clinical trial.

2.3. Intervention
2.3.1. Drugs, dosages, and regimens—All patients will be scheduled to receive 2
weeks of stable-dose G-ER and 2 weeks of stable-dose placebo after a 4-week dose
escalation period for each treatment arm. During the first four weeks of active treatment, the
dose will be increased to a maximal tolerated dose or to the target ceiling dose of 3000 mg/
d, whichever is reached first. This target dose was chosen on the basis of previous trials that
suggested efficacy and tolerability of comparable doses of G-IR when used to treat
symptomatic neuropathy [21–23], recent trials of G-ER in the treatment of diabetic
peripheral neuropathy (PDN) [24], post herpetic neuralgia [25] and menopausal hot flashes
[56,57], and from dosage range recommendations from a panel of international experts on
vulvodynia [10]. Moreover, the dose-response curve observed in neuropathic pain trials
(without disproportionate dropout rates), necessitates higher doses to establish efficacy [21].
Divided doses were selected based on lower fluctuation in plasma concentrations compared
to single dosing [55] and in order to maximize dosage exposure during symptomatic periods.
Asymmetric dosage was based on previous studies and with the intent of reducing adverse
effects during the day [53–57]. Prior to study enrollment, the investigators received an
Investigational New Drug Application (IND 108,795) to evaluate gabapentin ER for this
unapproved indication.

2.3.2. Dosage titration—The number of tablets taken daily will be increased over 4
weeks in a step-up manner to a maximum total dose of 3000 mg/d, regardless of evidence of
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treatment efficacy at a lower dose. The titration schedule for G-ER asymmetric dosing is as
follows: Week 0: 600 mg pm; Week 1: 600 mg am/600 mg pm; Week 2: 600 mg am/1200
mg pm; Week 3: 600 mg am/1800 mg pm; Week 4: 1200 mg am/1800 mg pm. Tablets will
be taken with morning and evening meals. If side effects are intolerable or do not diminish
within 3–4 days, the morning dose will be decreased by one level (600 mg), and an increase
will be attempted one more time, at the next telephone call. If this next increase again results
in intolerable side effects, the study drug will be decreased to the level of the previous dose,
which will be defined as the maximal tolerated dose, and continued at that level for the
remainder of the study (a minimal dose of 1200 mg/d will be permitted). Both tablet
appearance and number of tablets taken will be the same during active and placebo phases of
the trial to maintain blinding.

The slow titration period is necessary to reduce side effects and discontinuation rates. Each
subject will receive her maximal tolerated dose during the 5th–6th week of each period.
During the 7th and 8th week, subjects will undergo a 10-day dose tapering (of active drug; or
sham decrease for placebo) and a 4-day complete washout. The 4-day washout is consistent
with the 5–7 hour-half-life of gabapentin to prevent crossover to the next treatment period
[53–57]. Similar washout periods have been used in clinical trials with both G-ER and G-IR
because the elimination half-lives do not differ between the two dosage forms (53–57).
Although it is conceivable that drug may remain in the tissue longer than its half-life,
methods for serum and tissue assay of gabapentin are not well defined with respect to its
anti-nociceptive effect. However, efficacy will be based on patient pain ratings during the
final week of treatment (allowing additional 6 weeks for dissipation of drug effects after
washout), and we will statistically test for carryover effects. (A previous gabapentin trial
using a shorter crossover period [4-day taper and a 3-day washout] showed no carryover
effects [23]. We will assess blinding through subjects’ guessing treatment at trial conclusion.
(Our previous trial showed modest unblinding − 67% vs. chance [9]).

2.3.3. Baseline/screening—Informed consent will be obtained and eligibility determined
at the patient’s first visit. Demographic data will be collected, including relationship status,
length of time with current partner, number of marriages/.partnerships, age, education, race/
ethnicity, employment status, income, and religious affiliation. A medical and gynecologic
history and a general and genital-urinary exam will be performed, including a cotton swab
test (CST) and assessment for vaginitis (Table 3). The pelvic exam will include insertion of
a single index finger into the introitus to determine the presence of involuntary introital
spasm (vaginismus), as well as palpation of the levator ani muscles, urethra, cervix, adnexa
and uterus to determine tenderness. Moreover, muscle algometry with the load cell will be a
precise measure of levator muscle tenderness/spasm and therefore vaginismus [58,59]. We
will be able to distinguish normal iliococcygeus muscle tenderness from vaginismus by
comparing our values to normal controls reported by Tu [59].

Subjects will receive training on the use of an electronic diary and the tampon test [60]
(Appendix B) to rate insertional pain. Biological measures, including the algesiometer,
vaginal algometer and tender point tenderness will be conducted.

2.3.4. Randomization—Subjects will be randomized using a computer-generated random
numbers technique, where a concealed allocation schedule will be prepared randomly
assigning the two sequences, in blocks of four to each site, to a consecutive series of
numbers. At this visit subjects will receive 8 weeks of either active drug or placebo, and at
Visit 4 they will receive 8 weeks of the alternate treatment.

The Department of Pharmaceutical Sciences at the Core Center will be responsible for
properly blinding the study drug and for dispensing and labeling for shipment to all clinical
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sites. Bottles will be labeled as “A” and “B”, and will contain either 600 mg of G-ER or
matching placebo in randomized sequences. Subjects will receive detailed dosing
instructions on how many tablets to take from each bottle during dosage titration,
maintenance and tapering. They will take the same number of tablets when receiving G-ER
and placebo. At this visit subjects will complete all psychometric measures. The capsaicin
test and heart rate variability (HRV) will be performed in addition to the other biological
measures obtained at baseline.

2.3.5. Treatment phases—Subjects will complete all psychometric and biological
measures at Visits 3 and 5. They will receive study medication at Visit 4 for the second arm
of the study and compliance will be checked at Visits 3–6. All visits include CST testing,
pelvic exam, and use of concomitant and escape medications.

2.4. Primary outcome measures
The primary outcome measure is the Tampon Test, where subjects are instructed to report
pain during insertion and removal of a tampon using a numeric rating scale (NRS) (0 = no
pain to 10 = worse pain imaginable. Primary and secondary outcome measures are listed in
Table 4.

Subjects will enter daily diaries electronically onto the web-based Scientific Laboratory &
Patient-care Research Information Management System (Slim Prim) developed at the Core
Center (61,62). They will be provided with standard cardboard applicators to provide
uniform measurement (9) (See Appendix B for instructions). Excellent protocol adherence
was demonstrated in our previous trials, with 96% compliance to tampon insertion (9).

Daily diaries will capture whether intercourse has occurred, the average pain in the past 24
hours, and whether a tampon has been inserted. Use of the tampon as the primary outcome
will obviate any need to “encourage” women to have intercourse to collect sufficient data.
The 24-hour pain will measure vulvar pain unrelated to intercourse which is either provoked
or unprovoked in order to evaluate other sources of vulvar pain.

2.5. Secondary outcome measures
2.5.1. Coital pain—The severity of coital pain (when intercourse is attempted) and the
average vulvodynia pain will be recorded using the 11-point (0 to 10) NRS in the electronic
daily diary.

2.5.2. Psychometric measures—Psychometric measures will be used as secondary
endpoints to predict treatment response, and include the 1) Brief Pain Inventory (BPI)
Interference Scale [63], 2) Hospital Anxiety and Depression Rating Scale (HADS) [64,65],
3) Patient Global Impression Change Scale (PGIC) [66], 4) Female Sexual Function Index
(FSFI) [67], 5) Locke-Wallace Marital Adjustment Test [68], 6) MOS 36-item short-form
health survey (SF-36) [69], and the Leserman Sexual and Physical Abuse History
Questionnaire [70].

The Brief Pain Inventory (BPI) Interference Scale is a 7-item self-report measure, designed
to assess the extent to which pain interferes with various components of functioning,
including physical and emotional functioning and sleep [63]. The items in this scale can be
grouped into those that assess physical functioning (general activity; walking ability; normal
work, including both work outside the home and housework), those that assess emotional
functioning (mood; relations with people; enjoyment of life), and a single item that assesses
the extent to which pain interferes with sleep. It has been used as an outcome measure in
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clinical trials of diverse treatments, including both pharmacological and psychological
treatments.

The Hospital Anxiety and Depression Rating Scale (HADS) is widely used as a brief self-
rating instrument for both dimensional and categorical aspects of anxiety and depression and
has excellent psychometric properties [64,65]. It is a 14-item, 4-point questionnaire
consisting of two subscales, HADS-A and HADS-D. Each subscale contains 7 items with
score ranges from 0 to 21, indicating mild to severe impairment.

The Patient Global Impression Change Scale (PGIC) is a 7-point rating scale with the
options “very much improved,” “much improved,” “minimally improved,” “no change,”
“minimally worse,” “much worse,” and “very much worse” [66]. There has been widespread
use of the PGIC in recent chronic pain clinical trials and the measure provides a responsive
and readily interpretable assessment of subjects’ evaluations of the importance of their
improvement or worsening.

The Female Sexual Function Index (FSFI) is a 19-item, multidimensional, self-report
measure comprised of a full scale and six subscales (i.e. Desire, Arousal, Lubrication,
Orgasm, Satisfaction, and Pain) to measure sexual function [67]. The Desire, Arousal,
Lubrication, Orgasm, and Pain subscales correspond to the five domains considered relevant
for the sexual dysfunction disorders (hypoactive sexual desire disorder, sexual arousal
disorder, sexual pain disorders, and orgasmic disorder). The sex subscale, Sexual
Satisfaction, was included because it is considered one of the most important dimensions of
sexual function. The measure was designed for use in clinical trials by the author and
colleagues.

The Locke-Wallace Marital Adjustment Test. The Short form (15-item) was developed from
the 35-item long form and has demonstrated excellent reliability and validity compared to
the longer form [68]. It measures overall degree of happiness in the relationship, common
interests and beliefs, and conflict management. A total score of ≤ 100 indicates a poor
relationship.

The MOS 36-item short-form health survey (SF-36) produces eight scale scores for eight
domains of health status: physical functioning, role functioning difficulties caused by
physical problems, bodily pain, general health, vitality, social functioning, role functioning
difficulties caused by emotional problems and mental health [69]. Scale scores range from 0
to 100, with higher scores indicating better functioning.

The Leserman Sexual and Physical Abuse History Questionnaire is an 8-item questionnaire
that has been demonstrated to have acceptable levels of reliability and validity for sexual
abuse, and to a lesser extent, physical abuse when compared to an interview [70]. Scale
scores range from 0 to 18, with higher scores indicating a greater history of abuse.

The subject’s expectation of benefit from the study will be determined by the study
coordinator asking the following question at baseline, “Now that you know about the study,
how likely do you feel that you that you might get relief?,” using a 10-point VAS scale from
0 = no relief to 10 = complete relief. This question was modified from a question used by
others and is designed to minimize placebo response due to a subject’s expected pain level
when enrolled in a study [71].

2.5.3. Biological measures
2.5.3.1. Capsaicin skin sensitivity test: Enhanced cutaneous response to capsaicin has been
used as a measure of central sensitization, a dimension of neuropathic pain [15,72–76]. We
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demonstrated that post-capsaicin injection (intradermal 10 μl of 0.1%, 10 μg) in both the
foot and forearm increased punctuate hyperalgesia and dynamic allodynia in PVD cases
compared to age-matched asymptomatic controls indicating the presence of central
sensitization in PVD [15]. We will use our previous technique, using forearm injection only.
Capsaicin will be manufactured by the Core Center.

2.5.3.2. Autonomic dysregulation measurement: Blood Pressure (BP), pulse and heart rate
variability (HRV) [77] will be performed prior to and during the intradermal capsaicin trial
described above. Assessments will be performed 5 minutes prior to capsaicin injection and 1
minute, 5 minutes, 10 minutes, 20 minutes and 30 minutes after capsaicin injection, A
Dynamapp physiologic monitor will measure BP and pulse rates and a pulse oximeter will
read the “heart signal”, a more convenient measure than the ECG. Heart rate will be
captured from the pulse oximeter signal and analyzed with a program developed by National
Instruments using LabVIEW for Heart Rate Variability Analysis.

2.5.3.3. Muscular tenderness measurement: We will assess central muscular tenderness
using the tender point (TP) examination as described by Okifuji et al [58]. Selective pelvic
muscle tonometry (Vaginal Algometer) will be used to measure peripheral pain thresholds.
We will apply standard digital pressure as evoked by the digital tonometer to the pelvic floor
muscles using a modified technique of Tu et al [59]. The examiner’s gloved finger will have
the calibrated digital load cell SLB-25 (Transducer Techniques, Inc.) affixed beneath the
examining glove and will digitally press the three selected muscle groups and three
pressures according to a randomization schedule.

2.5.3.4. Peripheral (mucocutaneous) pain measurement: We will use two techniques to
measure mucocutaneous pain. The clinically used and standardized Cotton Swab Test (CST)
will be performed to measure vestibular pain [78]. We will also use the Vulvar Algesiometer
to measure vulvar mechanical hyperalgesia using our previous technique [9] and detailed by
Eva et al. [79]. The Algesiometer consists of a mechanical pulse generator which drives a
probe against the mucocutaneous surface of the vulva for a calibrated distance and force. We
will use a “method of constant stimuli” with the pain threshold determined as the first of two
consecutive reports of stimulus pain during the ascending scale of pulses.

2.5.4. Safety measures—Physical and pelvic exams and clinical lab testing will be
performed at baseline and as indicated throughout the study. Blood pressure and pulse will
be obtained at all visits. Gabapentin was recently placed on the U.S. Food and Drug
Administration (FDA) Watch List for a possible association with rhabomyolysis [80].
Myotoxicity symptoms, as well as all other adverse events, will be assessed during weekly/
bi-weekly telephone contacts and through monitoring electronic daily diaries,. Subjects with
muscle pain will have a serum creatine phosphokinase (CK) level performed as soon as it is
reported as recommended by guidelines [81]. Any FDA-defined Serious Adverse Event will
be reported to the data safety monitoring board (DSMB), the NICHD, the IRB at each
institution, the FDA, and the pharmaceutical sponsor.

2.6. Statistical analyses
2.6.1. Primary outcome—Study outcomes will be based on intent-to-treat (ITT), last
observation carried forward (LOCF)[82]. SAS 9.3 (SAS Institute Inc., Cary, NC) will be
used for analysis. For the primary outcome, the mean of the tampon test measured at
baseline and during the placebo and the G-ER cycles will be compared by use of repeated
measures analysis of variance, or more generally mixed models. A P value of less than 5%
will be regarded as significant. To confirm that treatment response is not dependent on any
of the demographic factors (including age, hormonal status [pre or post-menopausal,
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menstrual cycle phase, oral contraceptive or vaginal estrogen use, or changes in maturation
index] or PVD subtype) or center effect, the change in the tampon test measure will be
compared using ANOVA (or Kruskal-Wallis test if sample size is too small) or correlation
as appropriate. This procedure will be repeated for the secondary outcome measures of
intercourse pain and overall 24-hour pain. If the preliminary analyses demonstrate a
significant effect on the test center or on any of the demographic variables, regression
analyses will include these variables. Systematic error based on test center (center effect)
will be examined by comparing the demographic factors and physiologic measures across
the three centers: UTHSC, UMDNJ, and URMC.

2.6.2. Secondary outcome—For the secondary outcomes such as psychometric tests,
physiologic tests and psychometric measures, G-ER response to treatment and placebo will
be compared using two-sample t-test. When other variables are also included, multiple
regression will be used to find their independent effect on G-ER response. All analyses will
be done using two-sided tests.

2.6.3. Safety endpoints—The proportion of participants experiencing specific side
effects will be statistically compared between the treatment arms. Serious adverse events
(SAE)s will be subdivided and reported according to the following categories: “unrelated”,
“unlikely related”, “possibly related”, “probably related” and “definitely related” to
treatment.

2.7. Data management and master database
Data will be entered at each test center onto Slim-Prim, a web-accessible, modular database
system mounted on an Oracle server located at the Data Coordinating Center at UTHSC
[61,62]. By this means Slim-Prim will act as a central data repository, with PI controlled
levels of permission to ensure secure, collaborative access to data. Electronic Protected
Health Information (ePHI) within Slim-Prim are encrypted to federal standards as defined in
the 2009 HITECH Act.

2.8. Data safety monitoring board
A data safety monitoring board (DSMB) was commenced to provide oversight and monitor
the safety of participants and the validity and integrity of the trial and to meet the NIH
requirements for conducting multi-site clinical trials. The DSMB will meet every 6 months
for the duration of the trial. Safety monitoring reports will be generated periodically for the
DSMB and any serious adverse events will be reported immediately to the DSMB and all
institutional IRBs, the FDA, the NIH, and Depomed, Inc. for review.

No stopping rules are planned for efficacy or futility in order to reduce the possibility of
alpha and beta errors and because there are escape pain medications in the protocol. No
stopping rules are planned for safety because the safety profile of gabapentin is well-known.
The DSMB will be blinded to treatment group, but the statistician will unmask data in a
closed session upon the request of DSMB members.

2.9. Protection of human participants
The study was approved by the Institutional Review Boards (IRB) at all study sites. All
Serious Adverse Events (SAEs) are reported to the IRBs, DSMB, FDA, and the
pharmaceutical sponsor. Participation in the study will be terminated if the participant
encounters any of the following stopping points: 1) an adverse event attributed to study drug
that requires hospitalization, 2) intolerable side effects despite decreasing the dose to a
minimum and the participant decides to withdraw, 3) development of severe myalgia with or
without a CK evaluation and in whom other etiologies have been ruled out, 4) emergence or
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worsening of depression or development of suicidal intent, 5) pregnancy, 6) the participant
is unwilling or unable to continue with study procedures, 7) hypersensitivity reaction to G-
ER or to its inactive ingredients or 8) recommendation by the DSMB.

2.10. Estimation of power and sample size
We will not stratify the subjects according to ethnic, racial, and age groups prior to
randomization but will conduct a post-hoc analysis to confirm that treatment response is not
dependent on these variables. We will recruit sufficient subjects to detect a mean difference
of at least 1 on the 11-point scale in the tampon test measure during G-ER and placebo
cycles. In order to simplify the sample size calculation, we assume: (1) no carry-over effect,
(2) no interactions between subjects, treatments, and periods, (3) no period effect, (4) no
center effect, (5) standard deviation for our primary outcome measure during the gabapentin
and placebo cycles is 2.2 (the SD was determined by a controlled study in neuropathic
patients [23] since there are no data available in patients with vulvodynia), (6) the
correlation between G-ER and placebo tampon test measure is 0.5, (7) significance level is
5%, and (8) power is 90%. Then the sample size required for the first aim is 53. Secondary
measures (intercourse pain and 24-hour pain) are not considered for sample size requirement
because they are not assessed at the same experimental significance level. Our preliminary
data showed mean change in algesiometer ratings with and without G-ER was 9.8 ± 8.7 and
1.1 ± 11.1, respectively [9]. Since algesiometer ratings are one of our physiological
measures; for the second aim, we estimate we will need 30 subjects per group. Hence we
will recruit 120 patients to complete 60, assuming approximately 30% of subjects are
ineligible and 30% dropout. Since the number needed to treat (NNT) in subjects with
chronic neuropathic pain receiving gabapentin compared to placebo is 6.8 (5.6 to 8.7) for
substantial benefit (50% score change)[83], the sample size of 60 is adequate to detect a
clinically meaningful difference between the treatment arms.

3. Discussion
Vulvodynia is a condition of vulvar discomfort that affects millions of women each year [1–
4]. These women and their providers are challenged to find effective therapeutic
interventions. Given the high placebo response rate, multicenter randomized placebo-
controlled trials are needed using standardized outcomes. We will conduct the first
multicenter RCT to determine the efficacy of gabapentin, an agent which is often used by
clinicians without empiric evidence of its therapeutic benefit. We also hope to define which
factors predict the level of treatment success and to explore their relative contribution to the
prediction of pain reduction.

3.1. Issues that may constitute potential limitations
3.1.1. Issue 1: Placebo Effect—The placebo effect in neuropathic pain studies,
described as an absolute effect of > 50% reduction in pain score compared to placebo,
ranges from 15 – 43%, with a median of 22.5% [32] increases the likelihood of a negative
trial. To minimize the placebo effect, we will use a script for follow-up calls to reduce the
positive impact of patient interactions on therapeutic response (see Appendix A) and we will
ask subjects a question about expected pain level, which may contribute to a placebo effect
[71]. We will also conduct assessments at the conclusion of the trial and ask subjects and
investigators to guess the subjects’ treatment group and the primary reason in an effort to
reduce unblinding due to side effects. We elected not to include a wait list arm or a single
blind run in prior to enrollment because the extended period may contribute to a placebo
response due to natural history and spontaneous resolution, since annual remission rates
have been reported to occur in 11% of women with vulvodynia [84]. We also elected not to
use an active placebo because we believe it may increase the rate of adverse events and
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withdrawals and because we do not want to expose subjects to a medication that confers no
benefit.

3.1.2. Issue #2: Number and Selection of Psychometric Instruments—There
may be concern that the use of multiple pain measurements may result in false positives or
that the frequent pain ratings in daily diaries may influence average pain scores. However,
the number and selection of psychometric instruments are based on the recommendations of
IMMPACT, an expert group which convened to establish guidelines in the conduction of
chronic pain clinical trials. The expert panel suggested use of 6 core domains to fully assess
pain and to use daily diaries as the primary efficacy endpoint for chronic pain clinical trials
[87]. Recommendations did not include measurement of cognitive patterns of helplessness,
rumination and magnification, coping mechanisms or ability to control symptoms which are
captured in instruments such as the Pain Catastrophizing Scale [85], the Coping Strategy
Questionnaire [86] or the Painful Intercourse self-efficacy scale [39]. Although these
measures are important, have been used in PVD studies and changes in cognitive behaviors
could contribute to a “placebo” response, we chose to prioritize measures of relationship and
sexual function because of their significance in assessing treatment success in this
population, yet at the same time minimizing subject burden. Completion of the currently
used questionnaires take about 30 minutes for subjects to complete, and adding any more
measures could conceivably affect dropout rate.

3.1.3. Issue 3: Limitations of Carryover Designs—Crossover designs have attractive
features because subjects serve as their own control, variance is minimized and substantially
fewer subjects are required to demonstrate a given treatment effect compared with parallel
groups design [88]. In addition, patient recruitment can be easier for crossover trials since
patients know that half of the time they will receive active drug. Moreover, crossover
designs may be associated with reduced placebo group improvement [47,50]. However,
carryover effects may also occur in crossover designs. These effects have been minimized in
our trial by measuring efficacy during the final treatment week and statistically testing for
carryover effects. It might be argued that it would be useful to evaluate gabapentin plasma
concentrations to rule out carry over effects as well as to measure compliance. However, we
elected not to measure levels as it would increase subject burden and study costs, and
because a concentration-response effect has not been shown with seizure disorders [89] and
the short half-life and marked interdosage fluctuations would make it difficult to use as a
compliance measure.

Despite the use of a crossover design to reduce the necessary sample size, there have been
no prospective studies evaluating gabapentin in women with PVD, so our sample size was
determined from patients with neuropathic pain. Thus, it is possible that our estimation is
inaccurate in this population; however, most clinical trials have shown similar variability
regardless of the type of neuropathic pain or specific treatment [26,47].

Finally, crossover designs are typically longer in duration than parallel group designs. We
decided to use a 4-week titration phase and a 2-week maintenance phase to minimize the
dropout rate due to trial length and intolerable side effects. It is possible that the duration of
the maintenance phase may be insufficient to adequately measure a treatment response.
However, this length is consistent with most well-designed clinical trials in chronic pain
[26,47]. We felt that 4-weeks of titration was important because we are escalating to the
MTD (3000 mg/d) and current guidelines for G-ER in post herpetic neuralgia is 1800 mg/d
over a 2-week period [53]. The long titration phase also is in line with expert guidelines for
prescribing gabapentin in vulvodynia [10]. It has also been shown that longer clinical trials
have been associated with a greater likelihood of a differential discontinuation rate occurring
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in active treatment and placebo groups, potentially complicating interpretation of results
[47,49].

3.1.4. Issue 4: Validity and Reliability—External validity may be compromised
because we will exclude women with mild vulvar pain and those with untreated medical or
psychiatric conditions. However, internal validity may be affected because we have included
women of all age groups receiving concomitant therapy. There are often challenging trade-
offs between research design considerations and generalizability of results in clinical trials
[90], but we believe that maintaining a balance between internal and external validity will
maximize our ability to determine which particular populations benefit from gabapentin
treatment and at the same time maintain adequate enrollment.

Nevertheless, we acknowledge that estrogen may have an effect on vestibular sensitivity
[45], and it is possible that phase of the menstrual cycle [42,43,91], use of vaginal estrogen
therapy [92], or oral contraceptives [44,91] could confound the results. We will control for
all potential confounding factors, including hormonal and concomitant therapies by using a
regression model if preliminary analyses demonstrate a hormonal effect.

There may be a concern with poor interrater reliability because multiple sites will be used.
However, this possibility is minimized by use of a crossover design which allows for fewer
sites to obtain an adequate sample size. In addition, all questionnaires are standardized and
investigators were trained in performing physiological procedures during three site visits.
We will also use a random effects model to determine inter-rater reliability.

3.2. Interpretation of findings
It is possible that we may not be able to reject the null hypotheses in our primary aims. If the
main outcome (pain from tampon insertion) fails to demonstrate statistical significance,
secondary outcome variables (intercourse pain and 24-hour pain) will be analyzed for
significance with appropriate Bonferroni correction. If these variables fail to show statistical
significance then additional exploratory subgroup analyses will be performed primarily as a
guide for future research directions. Because gabapentin is the second most commonly used
oral agent for vulvodynia on an empiric basis, the ultimate finding of a negative result for
gabapentin will still provide an important clinical finding. Further, if the Null Hypothesis is
not rejected, we will still be able to perform analyses of baseline data to try to identify
clusters of patients based on profiles of signs, symptoms, demographics or other clinical
features that might relate to pathophysiologic mechanisms and therefore could be predicted
to respond differently to different treatments.

It is also possible gabapentin may fail to produce a beneficial effect on vulvodynia and that
the selected physiologic measures may fail to reflect a beneficial effect if one indeed occurs.
Further analysis of possible Type 2 error will be performed as well as additional exploratory
analyses. Four possible outcomes may be found: 1) both physiologic measures may change
and the clinical response may improve, 2) physiologic measures may change without
improvement in clinical response, 3) clinical response may change without changes in
physiologic measures, and 4) neither clinical response nor physiologic measures may
improve or change.

4. Conclusion
Gabapentin is used in clinical practice to treat women with PVD. This double-blind,
placebo-controlled, randomized controlled trial will provide clinicians with scientific
evidence of gabapentin efficacy. It will also provide insight into the possible subtypes of
PVD by assessing response to various psychophysiological measures.

Brown et al. Page 12

Contemp Clin Trials. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Schematic of 16-week, randomized, double-blind, placebo-controlled, two-treatment, two-
period crossover design.
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Table 2

Inclusion and exclusion criteria

Inclusion Criteria

Women 18 years of age and older

Greater than 3 continuous months of insertional dyspareunia, pain to touch or tampon insertion

Average pain level of 4 or greater on 11-point tampon test during screening period

Score in vestibule greater than score in vulva or score n vagina on cotton swab test

Exclusion Criteria

Other vulvar conditions, including dermatoses (such as lichen sclerosis, lichen planus, desquamative inflammatory vaginitis), fissures,
squamous cell carcinoma or other vaginal cancers, or vulvitis

Atrophic vaginitis. Atrophic vaginitis is indicated by a maturation index ≥ 10% parabasal cells. (Women with atrophic vaginitis may be treated
with topical hormone replacement therapy for a minimum of 6 weeks and rescreened for eligibility).

Vestibulectomy

Active vaginal infection, including candida, bacterial vaginosis, trichomonas, chlamydia, gonorrhea, and herpes simplex virus. (Women who
have active vaginal infections may be treated and retested prior to randomization).

Pregnancy or at risk for pregnancy and not using reliable birth control method for at least 3 months prior to study entry

Significant renal impairment (creatinine clearance of ≤ 60 mL/min, BUN > 30 mg/dL, serum creatinine > 2 mg/dL)

Significant hematological disease (leukopenia [WBC < 3.0 × 10−3 μl], leukocytosis [WBC > 20.0 × 10−3μl], neutropenia [ABC < 1.50 × 10−3 μl,
< 20%], (thrombocytopenia [platelets < 100,000 μl], anemia [HCT < 27%, Hbg < 8 g/dL, RBC < 3 × 10−6])

Noncontrolled cardiovascular disease (cardiac conduction disturbance, congestive heart failure, hypertension (≥ 140/90)

Hepatic insufficiency (serum AST, ALT or ALP ≥ 3 times upper limit of normal)

Neurological disorder, including seizures, syncopal episodes, peripheral neuropathy or other severe pain disorder. (“Other severe pain disorder”
refers to a pain disorder where the pain is more severe in an area outside of the vulvar vestibule).

Coexisting vaginismus, fibromyalgia and/or interstitial cystitis where pain is greater than vulvar pain. (If vaginismus is present a single index
digit must be able to be inserted into the introitus during the pelvic exam).

Any other unstable medical condition such as autoimmune disease or respiratory illness

Score of ≥ 12 on depression subscale of Hospital Anxiety and Depression Scale (HADS). (Mild depression is not an exclusion criteria).

Any psychiatric disorder that could impact vaginal pain, risk patient safety, or may impact compliance at the discretion of the investigator,
including major depressive disorder, current suicidal ideation with intent, manic or psychotic episode, severe anxiety, binge or anorexic
behavior, or drug dependence or abuse.

Recently prescribed a centrally-acting pharmacologic agent, including antidepressants, anticonvulsants, anxiolytics, muscle relaxants, and
opiates or dosage adjustment. (Subjects are eligible for participation if they have been on stable concomitant therapy for at least 1 month
without improvement in vulvar pain and remain on the same regimen throughout the study).

Recently began nonpharmacologic therapy, including physical therapy or individual/relationship and counseling or number of sessions has
changed. (Subjects are eligible for participation if they have been on stable concomitant therapy for at least 1 month without improvement in
vulvar pain and remain on the same regimen throughout the study).

Multiple allergies

Use of topical lidocaine within 2 weeks of randomization and during the study.

Previous use of gabapentin or pregabalin where side effects resulted in discontinuation

Gastric bypass surgery
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Table 4

Outcome measures.

Primary Outcome Measures

Tampon test Measures pain with tampon insertion and removal on 0–10 NRSa

Secondary outcome measures

Coital pain Pain experienced with sexual intercourse in the last 24 hours on a 10-10 NRSa

24-hours Pain Average vulvodynia pain over last 24 hours on 0–10 NRSa

Psychometric measures

BPI Interference Scaleb Assesses degree to which pain interferes with physical and emotional functioning and sleep

HADSc Measures dimensional and categorical aspects of anxiety and depression

PGICd Measures improvement of symptoms with treatment

FSFIe Measures sexual function including desire, arousal, lubrication, orgasm, satisfaction and pain
subscales

Locke-Wallace Marital Adjustment Test Measures degree of happiness in relationship, common interests and beliefs and conflict
management

SF-36f Measures quality of life

Leserman Sexual and Physical Abuse
Questionnaire

Measures history of physical and sexual abuse

Biological measures

Capsaicin skin sensitivity test Measures central sensitization, a dimension of neuropathic pain

Heart rate variability (HRV) Measures autonomic nervous system dysregulation

Vaginal algometer Measures pressure pain thresholds in pelvic floor muscles

Tender point tenderness Measures pain to pressure when applied to specific areas in the musculoskeletal system

Algesiometer Measures vulvar mechanical hyperalgesia

Safety end points

Medical history, physical exam, Pelvic
examination

Assess for any findings that may increase risk for adverse events

Clinical laboratory testing Complete blood cell count + differential, comprehensive metabolic panel, urine pregnancy

test, urinalysis, Affirm Testg

Serum creatine phosphokinase (CK) If signs or symptoms of rhabomyolysis occur

Serious adverse events (SAEs) Death, life-threatening drug experience, inpatient hospitalization or prolongation of existing
hospitalization, persistent or significant disability/incapacity or congenital anomaly/birth
defect

a
NRS: Numeric Rating Scale

b
BPI: Brief Pain Inventory Interference Scale

c
HADS: Hamilton Anxiety and Depression Rating Scale

d
PGIC: Patient Global Impression Change Scale

e
FSFI: Female Sexual Function Index

f
SF-36: MOS 36-item short-form health survey

g
Affirm: VPIII microbial identification test for vaginal infection
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